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WHALLWACHSIA ILLUMINATA N. GEN., N. SP. (TREMATODA: DIGENEA: 
PLAGIORCHIFORMES: PROSTHOGONIMIDAE) IN THE STEELY-VENTED HUMMINGBIRD 
AMAZILIA SAUCERROTTEI (AVES: APODIFORMES: TROCHILIDAE) AND THE 
YELLOW-OLIVE FLYCATCHER TOLMOMYIAS ULPHURESCENS (AVES: 
PASSERIFORMES: TYRANINIDAE) FROM THE AREA DE CONSERVACION 
GUANACASTE, GUANACASTE, COSTA RICA 
David Zamparo, Daniel R. Brooks, and Douglas Causey* 
Department of Zoology, University of Toronto, Toronto, Ontario M5S 3G5, Canada. e-mail: zamparo@zoo.utoronto.ca 
ABSTRACT: A new species of digenean found in the intestines of the steely-vented hummingbird Amazilia saucerrottei and the 
yellow-olive flycatcher Tolmomyias sulphurescens from the Area de Conservacion Guanacaste, Guanacaste, Costa Rica, resembles 
members of the Prosthogonimidae in having a highly lobate ovary; an elongate cirrus sac containing the cirrus, pars prostatica, 
and internal seminal vesicle; no external seminal vesicle; 2 fields of extracecal vitelline follicles restricted to the area between 
the intestinal bifurcation and testes; and uterine loops occupying all available space in the hind body. The new species differs 
from all other members of the family in having genital pores opening laterally to the cecum, immediately anterior to the acetabular 
level, and markedly oblique rather than symmetrical testes. Consequently, we propose the new genus Whallwachsia for the 
species. Preliminary phylogenetic assessment suggests that the species is the sister group of all other prosthogonimids. 
The goals of modern biodiversity inventories set out in ini- 
tiatives such as Systematics Agenda 2000, the Global Taxono- 
my Initiative, and the All-Species Foundation have been pre- 
sented previously to parasitologists (Brooks, 2000, 2003; 
Brooks and Hoberg, 2000, 2001; Brooks et al., 2000; Brooks 
and McLennan, 2002; Hoberg, 2002; Hoberg et al., 2002; Le6n- 
Regagnon, 2003; Pdrez Ponce de Le6n, 2003). In short, tax- 
onomists are called upon to complete the world's census of 
species as quickly as possible, place those species and all that 
is known of their natural history in predictive (i.e., phyloge- 
netic) classifications, and make that information freely available 
electronically. 
The parasite fauna of tropical vertebrates is not well known. 
Beginning in 1996, the Area de Conservaci6n Guanacaste (here- 
after referred to as the ACG) (http://www.acguanacaste.ac.cr) in 
northwestern Costa Rica has supported an effort to perform an 
inventory of all eukaryotic parasites of the 940 species of ver- 
tebrates living within the ACG (http://brooksweb.zoo.utoronto. 
ca/index.html). In each report of results of this inventory, we will 
strive, insofar as our data permit, to contribute 3 types of infor- 
mation (based on as much information as possible): (1) the 
names of each species, (2) their phylogenetic relationships, and 
(3) their natural history, including abiotic and biotic aspects of 
the environments in which they are found. We hasten to add that, 
because the primary goal is completing the world's census as 
rapidly as possible, our contributions with respect to both phy- 
logenetic and natural history information will not be exhaustive. 
In some cases, we will be able to describe species on the basis 
of both morphological and molecular data (e.g., Le6n-Regagnon 
et al., 2001), but in many cases we will need to describe mor- 
phospecies first to facilitate molecular studies. Our contributions 
to phylogenetic understanding, when possible, will minimally 
comprise summarizing the characters used to distinguish each 
new species from other similar species in the form of a clado- 
gram. In some cases, we will be able to integrate such infor- 
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mation into existing phylogenetic hypotheses. In all cases, there 
will still be a great need for comprehensive phylogenetic revi- 
sions and intensive ecological, population biological, and life cy- 
cle studies. Nonetheless, we hope to provide more information 
than simply a minimal species description. 
During the course of this inventory, we will be reporting new 
species, whose attributes will not nest comfortably into existing 
classifications, especially those not based on phylogenetic rea- 
soning. In some cases, this will make existing taxonomic keys 
and diagnoses insufficient. This is an unavoidable consequence 
of progress in taxonomic work. We noted above that 1 of the 
goals of modern biodiversity inventories is to make this infor- 
mation freely available electronically (i.e., through the internet). 
There is no better illustration of this need than realizing that 
taxonomic keys available only in print form are not capable of 
being updated in a timely enough manner to keep up with cur- 
rent knowledge. 
Herein, we describe a new species of digenean parasitizing 
some birds in the ACG, for which we propose a new genus. 
MATERIALS AND METHODS 
Worms were collected alive from recently killed birds, killed and 
fixed by shaking in hot formalin, and then stored in 70% ethanol. Spec- 
imens were stained with Mayer's hematoxylin, dehydrated, and mounted 
in Canada balsam. All measurements are in micrometers unless other- 
wise stated. First series of values stated is the range, and the values in 
parentheses are the means of the measurements. All figures were drawn 
with the aid of a drawing tube. 
DESCRIPTION 
Whallwachsia n. gen. 
Diagnosis: Digenea: Plagiorchiformes: Prosthogonimidae. Body 
elongate, spinose. Oral sucker subterminal. Prepharynx short. Pharynx 
present. Esophagus short. Ceca terminating well short of posterior end 
of body. Ventral sucker in anterior half of body. Testes, intercecal, di- 
agonal (oblique), in midbody. Cirrus sac elongate, containing cirrus, 
pars prostatica, and internal seminal vesicle; external seminal vesicle 
lacking. Genital pores opening together, posterolateral to sinistral ce- 
cum, opening slightly anterior to acetabular level. Ovary postacetabular, 
intercecal, dextral, lobate. Mehlis gland and seminal receptacle posto- 
varian. Laurer canal absent. Vitellarium follicular, in extracecal rows 
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restricted to the area between the intestinal bifurcation and testes. Uterus 
occupying all available space in hind body. Excretory vesicle I-shaped. 
Excretory pore subterminal, ventral. Type species Whallwachsia illu- 
minata n. sp. 
Whallwachsia illuminata n. sp. 
(Figs. 1-3) 
Description (based on 30 mature ovigerous specimens): Body elon- 
gate, 2.14-3.68 (2.96) mm long, 0.68-1.13 (0.89) mm wide. Maximum 
width at either level of anterior testis or immediately posterior to pos- 
terior testis. Tegument spinose, densely covered with small spines. Oral 
sucker subterminal, nearly round, 171-236 (201) long, 171-247 (198) 
wide. Oral sucker width:pharynx width ratio 1:0.39-0.56 (1:0.48). Pre- 
pharynx short. Pharynx 84-118 (103) long, 76-114 (95) wide. Esoph- 
agus 30-125 (54) long. Intestinal bifurcation 10-18% (13%) of total 
body length (TBL) from anterior end. Ceca long and narrow, occupying 
79-90% (84%) of TBL. Forebody 19-29% (23%) TBL from anterior 
end. Ventral sucker 160-247 (216) long, 163-247 (209) wide. Oral 
sucker width:ventral sucker width ratio 1:0.89-1.31 (1:1.1). Testes, in- 
tercecal, oblique, not abutting, anterior testis sinistral 42-57% (46%) of 
TBL from anterior end, 228-422 (349) long, 171-511 (382) wide; pos- 
terior testis dextral, 54-68% (59%) of TBL from anterior end, 228-607 
(386) long, 190-510 (427) wide. Genital pore lateral or ventral to si- 
nistral cecum, 17-30% (22%) of TBL from anterior end. Cirrus sac 
dorsal to ventral sucker, 506-1,013 (766) long (Fig. 2). Ejaculatory 
portion of cirrus 314-623 (472) long, 71-142 (96) wide containing 
prostatic cells. Internal seminal vesicle portion of cirrus sac 152-506 
(293) long by 76-162 (117) wide. Ovary lobate, dextral, between ven- 
tral sucker and anterior testis, 118-304 (205) long by 163-418 (287) 
wide. Mehlis gland posterior to ovary, dorsal to seminal receptacle (Fig. 
3). Ascending uterine loops intercecal, transverse uterine loops extra- 
cecal posterior to posterior testis. Vitelline fields extending from ventral 
sucker to posterior end of anterior testis, occasionally overlapping ceca 
ventrally, dextral field longer than sinistral, extending from 16-39% 
(26%) TBL from anterior end to 49-67% (56%) TBL from anterior 
end. Sinistral vitelline field extending from 18.8-34.3 (25.7%) TBL 
from anterior end to 46-64% (51 %) TBL from anterior end. Metraterm 
present, 110-300 (261) long. Excretory bladder I-shaped, long, and nar- 
row. Excretory pore subterminal, ventral. Eggs light yellow to dark 
brown in color, 18-22 (20) long by 9-13 (11) wide. 
Taxonomic summary 
Type host: Amazilia saucerrottei (Aves: Apodiformes: Trochilidae), 
steely-vented hummingbird. 
Other hosts: Tolmomyias sulphurescens (Aves: Passeriformes: Tyr- 
annidae), yellow-olive flycatcher. 
Prevalence, intensity, and site of infection: Amazilia saucerrottei (4 
of 23; 1, 1, 1, and 7 worms; intestine); T. sulphurescens (1 of 10; 20 
worms; bile duct). 
Type locality: Cafetal, ACG (10?51'13"N, 85036'32"W; 320 m ele- 
vation). 
Other localities: Main entrance to Santa Rosa, ACG (10?50'42"N, 
85036'48"W; 263 m elevation); Parcela principe, ACG (10?51'13"N, 
85?56'32"W; 320 m elevation); and Estacion San Gerardo, ACG 
(10?52'50"N, 85?23'21"W; 605 m elevation). 
Type material: Holotype, USNPC no. 93187; paratypes, USNPC nos. 
93188, 93189. 
Etymology: The new genus is named after Dr. Winnie Hallwachs, 
Scientific Adviser, ACG, in recognition of her many years of dedication 
to the preservation of the world's biodiversity, particularly on behalf of 
the ACG. The specific epithet recognizes the insights into digenean 
phylogeny provided by the species. 
Remarks 
Brooks et al. (1985, 1989) presented the first strictly phylogenetic 
systematic analysis of digenean families, based on the suite of traits 
commonly used in traditional classifications. That study supported most 
previous taxonomic studies, suggesting a clade usually called the Mi- 
crophalloidea, comprising a clade of the Prosthogonimidae + Lecith- 
odendriidae, with the Microphallidae as their sister group. Brooks et al. 
(1985, 1989) suggested 2 autapomorphies for the Prosthogonimidae, 
genital pores at the anterior end of the body and "follicular", or lobate, 
ovaries. Angel (1973) recognized 8 prosthogonimid genera: Cephalo- 
trema Baer, 1943, Praeuterogonimus Sudarikov and Nguyen Tchi Le, 
1968, and Coelomotrema Angel, 1970 in mammalian hosts; and 
Ophthalmogonimus Oshmarin in Skrjabin, 1962, Prosthogonimus Luihe, 
1899, Mediogonimus Woodhead and Malewitz, 1936, Mawsonotrema 
Angel, 1973, and Cylindrotrema Angel, 1973 in avian hosts. She also 
synonymized Schistogonimus with Prosthogonimus following the ex- 
perimental work of Krasnolobova (1969). Of the genera recognized by 
Angel (1973), members of Cephalotrema and Coelomotrema differ 
from all other prosthogonimids in possessing a spherical ovary with 
smooth margins. In this regard, it is noteworthy that Baer (1943) orig- 
inally placed Cephalotrema in the Lecithodendriidae. We concur with 
his original assessment and consider Coelomotrema a lecithodendriid as 
well. 
Recent analyses, based on partial sequences of lsrDNA and 28S 
rDNA (Tkach et al., 2000, 2001) from a small number of species of 
digeneans, have corroborated the hypothesis that Microphalloidea is a 
clade but have also suggested that the Lecithodendriidae sensu Brooks 
et al. (1985, 1989) is paraphyletic, with the Prosthogonimidae being a 
member of a clade containing the paraphyletic Pleurogenidae and the 
Allassogonoporidae (=Pleurogeninae and Allassogonoporidae within 
the Lecithodendriidae of many authors, e.g., Yamaguti [1971] and 
Brooks et al. [1985, 1989]) and the rest of the Lecithodendriidae being 
the sister group of the Microphallidae. To date, no effort has been made 
to expand the morphological database or to combine the molecular and 
morphological data, and there has been no comprehensive phylogenetic 
analysis within the superfamily. 
The new species exhibits the postacetabular, highly lobed ovary char- 
acteristic of prosthogonimids but differs from all other prosthogonimids 
in having a genital pore opening anterolaterally to the ventral sucker 
rather than at the anterior end of the body. In the majority of micro- 
phalloids, the posterior end of the cirrus sac lies in the vicinity of the 
ventral sucker, and the cirrus sac itself is elongate, containing a volu- 
minous internal seminal vesicle and elongate pars prostatica and cirrus. 
The genital pore in most species is anterior or anterolateral to the ventral 
sucker and intercecal. In pleurogenids and allassogonoporids, the genital 
pore is lateral to the ventral sucker, ranging from ventral to the ceca to 
opening on the lateral margin of the body. If prosthogonimids are more 
closely related to pleurogenids and allassogonoporids than to other mi- 
crophalloids (Tkach et al., 2000, 2001), the position of the genital pore 
in the new species is best explained as plesiomorphic, the new species 
providing evidence of the evolutionary transition from genital pores 
opening laterally in the common ancestor of the pleurogenids, allasso- 
gonoporids, and prosthogonimids, a morphological synapomorphy for 
the clade recognized previously only by molecular data, to those open- 
ing at the anterior end of the body in the other prosthogonimids, a 
synapomorphy for those species. It thus appears that the new species is 
the sister group of all other prosthogonimids. The new species also 
differs from the majority of species of prosthogonimids in possessing 
an elongate rather than a pear-shaped body and in exhibiting diagonal 
(oblique) rather than symmetrical testes. In this regard, the new species 
resembles Prosthogonimus (Prosthogonimus) sp. of Ramadan et al. 
(1988) parasitizing the house sparrow Passer domesticus niloticus in 
Egypt, which, however, exhibits a genital pore at the anterior end of 
the body. We are not certain whether the elongate body form and 
oblique testes exhibited by the new species are plesiomorphic or apo- 
morphic, relative to the other prosthogonimids; at present, however, we 
cannot assign the new species to a known genus and thus propose the 
new genus to accommodate it. In addition, because we have no putative 
synapomorphy for the new genus, we propose that it be maintained 
within the Prosthogonimidae and thus emend the family diagnosis to 
include species with marginal genital pores as well as genital pores at 
the anterior end of the body. 
Figure 4 summarizes the above discussion in the form of a cladogram 
based on the results presented by Tkach et al. (2001) but modified to 
include W. illuminata as well as the morphological traits considered by 
Brooks et al. (1985, 1989; see also Brooks and McLennan, 1993) and 
the new putative morphological synapomorphies discussed above and 
below. 
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FIGURE 4. Cladogram depicting phylogenetic relationships among se- 
lected groups of Microphalloidea (Digenea). The topology of the cladogram 
is derived from that of Tkach et al. (2001), with the addition of Whall- 
wachsia illuminata. The following morphological synapomorphies support 
this topology, derived from Brooks et al. (1985, 1989), Brooks and Mc- 
Lennan (1993), and discussion in text: V-shaped excretory vesicles (28); 
small "daughter sporocysts" with few cercariae (29); extremely small adult 
bodies (30) prominent and highly modified terminal genitalia, including 
muscularized genital atrium (31); "ubiquita" cercariae (32); vitelline folli- 
cles bunched in "shoulder" region (33); "virgulate" cercariae (34); genital 
pores near the oral sucker (35); secondarily elongate cirrus sacs (36); vi- 
telline follicles bunched in shoulder region (35); virgulate cercariae (36); 
genital pores anterolateral to ventral sucker (37); genital pores posterolateral 
to ventral sucker (38); follicular ovaries; (39); vitelline follicles not bunched 
in shoulder region (40); genital pores at anterior end of body (41). Numbers 
refer to the on-line phylogenetic database at http://brooksweb.zoo. 
utoronto.ca/index.html. 
DISCUSSION 
Optimizing morphological characters, summarized by Brooks 
and McLennan (1993) and presented in the above discussion, 
onto the cladogram derived from the molecular data indicates 
that the morphological data provide incomplete, rather than 
conflicting, hypotheses of relationships with respect to the mo- 
lecular data.The discovery of W. illuminata thus helps expand 
the morphological database for phylogenetic analysis of this 
group of digeneans and helps integrate morphological and mo- 
lecular data into a better-supported phylogenetic hypothesis for 
the Microphalloidea. At the same time, it is important to note 
that some character interpretations change as a result of these 
new findings. For example, the most parsimonious interpreta- 
tion of cercarial evolution in this group is that now the "vir- 
gulate" cercariae of the Lecithodendriidae are ancestral to the 
"ubiquita"cercariae of the Microphalloidae. In addition, a num- 
ber of homoplasious evolutionary changes are required to main- 
tain this hypothesis. Most noticeable is that the anterolateral 
movement of the genital pores likely occurred more than once 
within the Microphalloidea, e.g., in the common ancestor of the 
Leyogoniminae (Lecithodendriidae sensu stricto) and in Ce- 
phalotrema and Coelomotrema, just as it has occurred conver- 
gently within other digenean groups. In addition, the initial hy- 
pothesis based solely on morphological data (summarized in 
Brooks and McLennan, 1993), the molecular hypothesis pro- 
vided by Tkach et al. (2001), and the combined assessment 
presented herein all suggest that cecal length, adult body size, 
and distribution of vitelline follicles exhibit homoplasy within 
the Microphalloidea. For example, if the position of the mem- 
bers of the Prosthogonimidae is as depicted in Figure 4, all 3 
of the putative synapomorphies for the Microphalloidea exhibit 
evolutionary reversals in the common ancestor of the family. 
The hypothesis that an entire suite of characters exhibits cor- 
related evolutionary reversals requires a substantial amount of 
independent corroboration. Bearing in mind that the sequence 
database used by Tkach et al. (2001) produced a phylogenetic 
hypothesis with a consistency index of only 38%, it is essential 
that we accumulate a much larger database of morphological 
characters for the microphalloids as well as sequence data for 
more species. 
Adult prosthogonimids are typically parasitic in the oviduct 
and bursa Fabricii (of avian hosts), although P. ovatus may 
occur in the intestine (see Macy, 1934, 1935). Furthermore, 
Angel (1973) collected Cylindrotrema and Mawsonotrema in 
the cecum and liver, respectively. Whallwachsia illluminata was 
collected in the intestine of the hummingbird host and in the 
bile ducts of the passerine host. If W. illuminata is, like most 
parasites, a resource specialist (Brooks and McLennan, 1993, 
2002; Adamson and Caira, 1994; Radtke et al., 2002), the key 
host resource for W. illuminata may be localized in different 
parts of the intestinal tract in the different hosts. Alternatively, 
these findings could reflect responses by the parasites to 2 re- 
lated, but independent, variables, a physiological preference for 
bile salts, associated initially with metacercariae excystment 
and activation, as well as the need to track food in the host 
intestine to gain nutrition. 
The yellow-olive flycatcher is a common resident of the low- 
elevation dry tropical forest throughout the year and is found 
in many microhabitats. We collected this species in xeric and 
riparian habitats in both wet and dry seasons, but the only re- 
cord of W. illuminata we have was from a bird collected in 
June in the most xeric of microhabitats. Similarly, the steely- 
vented hummingbird is a common year-round resident, but un- 
like the previous species, is widely distributed throughout the 
ACG and found throughout a broad moisture gradient and el- 
evation range. We collected this small hummingbird in diverse 
habitats ranging from xeric to riparian microhabitats in the dry 
tropical forest at elevations below 350 m elevation to wet hu- 
mid montane rainforests above 600 m elevation. As with the 
flycatcher above, all but 1 of the A. saucerrottei infected with 
W. illuminata were obtained from the driest habitats in the dry 
tropical forest. The anomalous record was a hummingbird ob- 
tained from a meadow bordering the rainforest edge at Estacion 
San Gerardo. In other words, all records of W. illuminata are 
from birds collected at the beginning of the wet season (June) 
and, with 1 exception, from a xeric dry tropical forest micro- 
habitat. Specimens collected at other times and from even ad- 
jacent microhabitats were not infected with W. illuminata. 
Life-cycle studies for prosthogonimids have shown that the 
second intermediate host is an insect, as is the case for their 
probable sister groups. Yellow-olive flycatchers have broad flat- 
tened bills fringed with specialized bristles and are aerial pred- 
ators of flying insects; in addition, they are known to glean 
insects, caterpillars, and beetles from limbs and foliage (Skutch, 
1954, 1960, 1972, 1981; Stiles, 1983; Stiles and Skutch, 1989). 
Ingestion of an infected intermediate host seems inevitable giv- 
en their bill morphology and feeding behaviors. Unlike fly- 
-T 
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catchers, however, steely-vented hummingbirds have long nar- 
row bills, which they use for extraction of nectar from tubular 
flowers, rarely for gleaning small spiders from foliage. Aerial 
predation is unknown (Skutch, 1972; Stiles and Skutch, 1989). 
The high prevalence of W. illuminata in this particular hum- 
mingbird is difficult to explain without a better understanding 
of the identity and ecology of the second intermediate host. Our 
data suggest that the second intermediate host, the one that di- 
rectly infects the avian host, is restricted to the most xeric parts 
of the tropical dry forest, that it is emergent or more common 
at the beginning of the dry season, and that it is not captured 
in the air but more likely gleaned from vegetation. Furthermore, 
the data strongly indicate that the diet of steely-vented hum- 
mingbirds includes insects along with nectar and spiders, per- 
haps in far greater proportions than previously suspected. 
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